A polymorphic Pvu II site was mapped to intron 5 of LCAT, the gene encoding baboon lecithin: cholesterol acyltransferase (LCAT). In a study of 83 baboons, heterozygous baboons (Pvl/Pv2) had significantly higher LCAT enzyme activity levels than did baboons homozygous for the more common allele (Pvl/Pvl). LCAT genotype explained 6% of the total variation in LCAT enzyme activity. To test for allelic effects on cholesterol metabolism, we compared serum concentrations of high density lipoprotein (HDL) cholesterol and apolipoprotein A-I (apo A-I). We also compared distributions of cholesterol and apo A-I among three HDL size classes (HDL lt HDL,, and HDL,). All measurements were obtained for each baboon after long-term feeding of a basal diet low in cholesterol and fat and again after 7 weeks on an atherogenic diet. Heterozygous baboons had significantly lower serum levels of total cholesterol than did homozygotes. In addition, we detected significant effects of LCAT genotype on size distributions of HDL cholesterol and apo A-I on both diets but did not detect any genotype-by-diet interaction. Heterozygotes had increased amounts of cholesterol and apo A-I in HDL, particles and lower amounts of cholesterol and apo A-I in the larger HDL size classes by comparison with homozygotes. Overall, the LCAT polymorphism explained a significant proportion of total variation in cholesterol (4-10%) and apo A-I (13%) distributions on both diets. Thus, the results indicate that the LCAT polymorphism is associated with significant differences in LCAT enzyme activity and with alterations in HDL compositions. Cholesteryl esters partition into the hydrophobic core of high density lipoproteins (HDLs), and this process permits an increase in HDL size. LCAT is hypothesized to play a central role in reverse cholesterol transport, the transport of cholesterol from peripheral tissues to the liver.
HDL in terms of composition and size distributions by incubation with LCAT.
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The human gene encoding LCAT (LCAT) consists of six exons that span 4.2 kb on chromosome 16 . 8~10 LCAT is expressed in liver cells, producing a 1,550-bp transcript. 9 Deficiencies of LCAT have been observed in several families, 11 causing unusual HDL patterns. 5 -12 LCAT activity is influenced by and also influences specific HDL subclasses. Miller et al 13 reported that variation in LCAT levels in a normal population of men explained about 8% of the variance in HDL3 cholesterol (HDL3-C) and 10% of that in apo A-II levels. Karpe et al 14 showed that HDL 2b concentrations are inversely related to LCAT activity. No genetic factors have been identified that account for normal variation in LCAT level in human populations.
We have detected a commonly occurring polymorphic Pvu II site located at the LG4T locus in baboons. 15 This report describes the mapping of the polymorphic Pvu II site and the associations of LCAT genotypes with LCAT activity and serum levels and distributions of cholesterol and apo A-I among HDL size classes.
Methods

Baboons and Diets
Eighty-five juvenile baboons (Papio hamadryas) including 42 females and 43 males were used for the by guest on July 2, 2017 http://atvb.ahajournals.org/ Downloaded from present study. Baboons were selected to reduce relatedness in the sample group; the mean kinship coefficient for the 85 baboons was 0.0048 (SD=0.0237, n=3,570 pairwise comparisons). Blood samples were drawn at 28 months of age after feeding the baboons a basal diet (10% of calories as fat and 0.03 mg/kcal of cholesterol) since weaning at 4 months of age. A second blood sample was drawn from each baboon after 7 weeks of feeding an atherogenic diet (40% of calories as fat and 1.7 mg/kcal of cholesterol). 16 Thus, the animals had similar dietary histories for 2 years before the experiment and were the same age.
Procedures in this experiment were approved by the institutional Animal Research Committee. Baboons were fasted overnight and immobilized with ketamine (10 mg/kg) before blood was drawn from the femoral vein. Serum was prepared by low-speed centrifugation and analyzed immediately (unfrozen) or was stored at -80°C in individual aliquots sealed in plastic tubing segments. 17 
Determination of LCAT Genotypes
Leukocytes were isolated from whole blood samples and lysed by incubation with proteinase K (100 /ig/ml) and detergent (5% sodium dodecyl sulfate) overnight at 55°C as previously described. 18 The leukocyte DNA was then extracted with phenol and chloroform, precipitated with ethanol, and resuspended (1 mg DNA/ml) for further analyses. For Southern blotting, leukocyte DNA was digested with Pvu II under conditions suggested by the manufacturer (Bethesda Research Laboratories, Gaithersburg, Md.). Digested DNA was subjected to electrophoresis on agarose gels (0.8%) and transferred to nitrocellulose membranes (Schleicher and Schuell, Keene, N.H.) for hybridization with a human LCAT cDNA probe (pUCLCAT.10). 9 The probe was radiolabeled by extension of random oligonucleotide primers using gel-purified DNA fragments containing the LCAT cDNA sequences. After hybridization in buffers containing 50% formamide (24 hours at 42°C) and high-stringency washing to remove unbound probe, membranes were subjected to autoradiography with intensifying screens. Baboons were either homozygous for the more common allele {PvllPvl, 2.9-kb Pvu II fragments), homozygous for the less common allele (Pv2/Pv2, 2.7-kb fragments), or heterozygous (Pvl/Pv2). iS 
Mapping the Polymorphic Pvu / / Site Within the Baboon LCAT Gene
Initially, we compared restriction enzyme cleavage sites between baboon and human LCAT genes using leukocyte DNA from each LCAT genotype as identified above. We found a Kpn I restriction site in exon 4 and a Sea I site in exon 5 that were conserved in human and baboon LCAT genes. Simultaneous digestion of DNA samples from each genotype with Pvu II and either Kpn I or Sea I provided approximate localization of the Pvu II polymorphism to intron 5 of baboon LCAT.
To confirm the restriction mapping, we performed a polymerase chain reaction (PCR 19 ) using synthetic primers that flank intron 5 in human LCAT. 10 The forward primer was 5'-GGTGGATCCATCAAGC-CCATGCTGGTC-3' from exon 5 of human LCAT, and the reverse primer was 5'-CTTTAAGCTTGATGCTG-GACATGATGG-3' from exon 6. As previously described, 20 DNA samples were subjected to PCR in a DNA Thermal Cycler. In addition to the buffer and nucleotide components suggested by the supplier of Thermas aquaticus (Taq) polymerase (Perkin-Elmer Cetus, Norwalk, Conn.), each amplification reaction contained 1 fig leukocyte DNA, 1 pmol/juJ of each primer, 10% dimethyl sulfoxide, and 0.025 units//xl Taq polymerase in a final volume of 50 fil. Each reaction mixture was heated at 95°C for 5 minutes for denaturation and subjected to 30 cycles of amplification by primer annealing (62°C for 1 minute), extension (72°C for 3 minutes), and denaturation (95°C for 1 minute). After PCR amplification, 5 units of Pvu II were added directly to each reaction mixture for digestion of LCAT sequences (>3 hours at 37°C). Each reaction mixture was loaded onto 0.8% agarose gels containing ethidium bromide (0.5 Aig/ml) and subjected to electrophoresis for 3 hours at 100 mA. DNA fragments were visualized by ultraviolet illumination.
Assay of LCAT Enzyme Activity
LCAT activity in serum samples from chow-fed baboons was assayed in duplicate by Dr. Andras Lacko (Department of Biochemistry and Molecular Biology, Texas College of Osteopathic Medicine, Fort Worth, Tex.) using an exogenous synthetic substrate. 21 17 were stored for an average of 40 months at -80°C before assay in two batches. The coefficient of variation for replicates in this study was 6.9%.
Quantification of Total Serum Cholesterol, High Density Lipoprotein Cholesterol, and Apolipoprotein A-I Concentrations
Serum cholesterol was measured by an enzymatic procedure 23 ' 24 using an Abbott Laboratories ABA-100 Bichromatic Analyzer. HDL-C was measured in the supernatant after precipitation of apo B-containing lipoproteins with heparin-Mn 24 ". 25 -27 Apo A-I was determined in whole serum by electroimmunoassay 28 using a rabbit antiserum directed against baboon apo A-I and quantified relative to baboon apo A-I in isolated HDL. 27 The coefficient of variation of the assay was 5.5%.
Gradient Gel Electrophoresis for Distributions of Cholesterol Among High Density Lipoproteins
Sudan black B was used to stain cholesterol among serum lipoproteins. In studies of human samples, the distribution of the stain predicted (r=0.95) the distribution of cholesterol as measured directly in the gel 29 and in density-defined HDL subclasses. 30 We have previously reported that Sudan black B staining enables the prediction (r>0.9l) of cholesterol distribution among baboon lipoproteins. 31 Briefly, lipoproteins in 8.3 jtl unfrozen serum were prestained with Sudan black B and subjected to electrophoresis at 2,750 V-hours in nondenaturing 2-16% acrylamide gradient gels using gradient gel electrophoresis (GGE) buffer (90 mM tris(hydroxymethyl)aminomethane [Tris], 80 mM borate, 3 mM EDTA; pH 8.35) as suggested by the manufacturer of the gels (Pharmacia Fine Chemicals, Piscataway, N.J.). A total of 63 gels were used to run the two diet samples from each baboon.
The Sudan black B-stained lipoproteins were subjected to densitometry at 610 nm using a Cliniscan Densitometer (Helena Laboratories, Beaumont, Tex.). The baseline (lowest absorbance value in each lane) was subtracted from each profile, as was the absorbance contributed by an unstained refractile band in the HDL] region of the gel. 31 Fractional absorbance for HDL size classes was calculated, using a dropline approach, as the sum of absorbances between specified cutpoints divided by total absorbance in the HDL size region of the gel. A lyophilized serum sample was placed on each gel, and its absorbance profile was used to assign cutpoints for sample lanes as previously described. 31 For the present study, HDLj was denned as those lipoproteins in the size region between low density lipoproteins (LDLs) and HDL 2 (i.e., fractions 5-10; see Reference 31) . Analysis of percent cholesterol in HDL size classes from the lyophilized serum standard in the 63 gels gave a multivariate coefficient of variation of 8.2% (see "Statistical Methods" section).
Gradient Gel Electrophoresis-Immunoblotting for Distributions of Apolipoprotein A-I Among High Density Lipoproteins
Apolipoprotein distributions have been measured using immunoblotting procedures, 32 -33 and Lefevre and coworkers 34 reported that apo A-I distributions may be quantified using nondenaturing gradient gels cast in the laboratory. We have used commercially available gels and antibodies to evaluate apolipoprotein distributions among lipoprotein size classes. 31 - 35 Native lipoproteins from frozen serum samples (5.6 fi\) were subjected to electrophoresis at 1,650 V-hours in 2-16% acrylamide gradient gels. Proteins in the gel were electrophoretically transferred to nitrocellulose (Nitroplus 2000, MSI, Westboro, Mass.) at 300 mA for 24 hours (10-12°C) in GGE buffer and methanol (85:15, vol/vol). Apo A-I bound to the nitrocellulose paper was detected by immunological methods. 35 The primary antibodies were sheep anti-human apo A-I (Boehringer-Mannheim Biochemicals, Indianapolis, Ind.). Rabbit anti-sheep immunoglobulin G (IgG; Chemicon International, Inc., El Segundo, Calif.) was radioiodinated using the chloramine T method 36 and was used to detect the locations of the primary antibodies. The nitrocellulose was subjected to autoradiography with intensifying screens at -80°C, and apo A-I distributions were measured using densitometry as above. A total of 51 gels were used to run the two diet samples from each baboon.
Each blot was calibrated for size with a high-molecular-weight kit (Pharmacia) containing the following proteins: thyroglobulin (17.0 nm diameter), ferritin (12.2 nm), and catalase (10.4 nm). The ranges of particle diameters for baboon HDL size classes were~T~ 9% of total apo A-I absorbance on 2-16% gels was detected in the size regions larger than HDL, (i.e., LDL and very low density lipoproteins), and this occurrence was excluded from further analyses. A small portion of baboon HDLs are not retained on 2-16% gradient gels. Babiak et al 37 previously reported that only a small amount (<8%) of HDL-C occurs on baboon HDLs smaller than 8.2 nm, and our own experiments with 4-30% acrylamide gradient gels (n=69) showed that about 9% of lipoprotein-associated apo A-I occurs on baboon HDLs smaller than 8.2 nm (D.L. Rainwater, unpublished observations).
All serum samples in the study were used to measure the reliability of the immunoblotting procedure. As presented in Figure 1 , there was a strong linear correlation (r=0.87) between the amounts of radioiodinated secondary antibodies bound to the blots and the total (summed) absorbance from the autoradiogram, suggesting that densitometric profiles accurately reflected distributions of radioactivity on the immunoblot. There was a positive correlation (r=0.35) between the two independent measures of serum apo A-I levels: total serum apo A-I concentrations (milligrams per deciliter) and amount of secondary antibodies bound to the blots (counts per minute). This low correlation probably was due to differences in the two types of assays and also to differences between experimental blocks in specific activities of 125 I-rabbit anti-goat IgG. Thus, absorbance of the autoradiograms may not reflect the amount of apo A-I on a one-to-one basis.
Regardless of this uncertainty, statistical genetic analysis of the relative distributions of apo A-I is appropriate if the distribution patterns are repeatable. In other studies of 28 different human samples that were run in duplicate on separate gels and stained for apo A-I with the same methods as used in this study, we measured the overall repeatability (correlation) of apo A-I distributions to be 0.839 (D.L. Rainwater, unpublished observations). In the present study, we assessed the repeatability of a single serum standard run on all 51 gels and stained for apo A-I. The multivariate coefficient of variation for this standard among gels was 12.4%.
Statistical Methods
All hypothesis testing procedures were performed using a general linear model and likelihood-ratio test statistics. 38 However, to avoid the assumption of normality, we assessed the significance of each test by comparison with an empirical null distribution derived from the data by repeated randomizations. 39 For each diet, the effect of LCAT genotype on mean serum concentrations of total serum cholesterol, HDL-C, and apo A-I was assessed using univariate likelihood-ratio methods. To test hypotheses regarding genotype-by-diet interaction, a dietary response variable was derived for each phenotype (difference in concentrations from atherogenic and basal diet samples). 40 The effect of LCAT genotype on mean LCAT activity levels in serum samples from chow-fed baboons was assessed as above. Because sex affects each of these measurements in baboons, 40 " 43 we simultaneously corrected for sex in the analyses.
The data for cholesterol and apo A-I size distributions were analyzed using methods appropriate for compositional data. Multivariate analyses were performed because the set of three fractions must sum to unit value; nonzero correlations were expected between fractions because of this structural relation. 44 To eliminate the problem of singular covariance matrices (i.e., there is one redundant dimension because knowledge of all of the fractions but one implies knowledge of the complete composition), we transformed the fractional data by subtracting the last fraction (HDL3) from each remaining fraction and performed hypothesis testing on the reduced dimensions.
To assess the repeatability of cholesterol and apo A-I distributions, we calculated the multivariate coefficient of variation 45 for a serum standard replicated 63 times, and for apo A-I distribution we analyzed a serum standard that was replicated 51 times. This statistic is an appropriate measure of relative variability for such functionally constrained multivariate data and is comparable to traditional univariate measures.
To detect the effect of diet and dietary response on the fractional composition of HDL, we used robust multivariate likelihood-ratio tests. We compared the likelihood of a complete model (including sex, LCAT genotype, and LG4T-genotype-by-sex interaction effects) with the likelihood of reduced models that removed the effects of one or more of these factors. Each multivariate hypothesis test resulted in a likelihoodratio statistic whose significance was assessed by the randomization procedure discussed above.
We calculated the percentage of variance accounted for by the LCAT alleles using a general matrix formula. 46 A multivariate measure of variance due to the LCAT locus was obtained by summing the fraction-specific variances. We tested the significance of the proportional variance components using a randomization procedure similar to the one discussed above. Standard maximum-likelihood estimates of the proportion of total phenotypic variance accounted for by a specific locus are known to be biased. 47 To eliminate this statistical problem, we employed an empirical bias correction in which the mean proportion of variance due to the LCAT polymorphism obtained from the randomizations was subtracted from the observed estimate. 
Results
Mapping the Pvu / / Polymorphism to Intron 5 of LCAT
In a previous report, we described a polymorphic Pvu II site in baboon LCAT that distinguishes two alleles (Pvl and Pv2). 15 We began localization of this polymorphic site by restriction mapping, which indicated that the Pvu II polymorphism was located in intron 5 (data not shown). To confirm the results from restriction mapping, we used primers from exons 5 and 6 for PCR amplification of intron 5 in leukocyte DNA samples from each LCAT genotype. Figure 2 shows PCR amplification of human DNA (lane A) that produced a 2.0-kb product, as predicted from the human LCAT sequence. Lane B shows amplification of baboon leukocyte DNA that produced a smaller 1.8-kb product. Lane C shows Pvu II digestion of PCR products from a Pvl/Pvl homozygote that produced a 1.4-kb fragment from cleavage at a monomorphic Pvu II site. Lane D shows Pvu II digestion of PCR products from a Pvl/Pv2 heterozygote that produced the 1.4-kb fragment (Pvl allele) and a 1.2-kb fragment from cleavage at the polymorphic Pvu II site in the Pv2 allele. Lane E shows Pvu II digestion of PCR products from a Pv2/Pv2 homozygote that produced only 1.2-kb fragments (Pv2 allele). Figure 2 also shows a map with the locations of the Pvu II sites in intron 5 of baboon LCAT.
Effects of LCAT Genotypes on LCA T Enzyme Activity
For the present study, 85 baboons were typed for the Pvu II polymorphism in leukocyte DNA using Southern blotting with a human LCAT cDNA probe. We identified 62 homozygotes with the more common allele (PvllPvl, 2.9-kb fragment), two homozygotes with the less common allele (Pv2/Pv2, 2.7-kb fragment), and 21 heterozygotes (Pvl/Pv2), consistent with the allelic frequencies derived from a previous survey of 549 baboons. 15 For statistical analyses, we excluded the Pv2l Pv2 homozygotes because of their small number.
LCAT enzyme activity was measured in serum samples taken from baboons that were consuming the basal diet. Likelihood-ratio methods revealed that PvllPvl homozygotes had significantly lower levels of LCAT activity than did Pvl/Pv2 heterozygotes (54.31±1.94 versus 63.52±3.37 nmol/hr/ml, p=0.0\9). Furthermore, LCAT genotype explained 5.7% (/?=0.008) of the variation in LCAT enzyme activity among the 83 baboons. Table 1 shows mean concentrations and standard errors of total cholesterol, HDL-C, and apo A-I for each genotype while on basal and atherogenic diets and for measures of dietary response (basal diet levels subtracted from atherogenic diet levels). For both genotypes, the levels of total cholesterol, HDL-C, and apo A-I were significantly increased (p<0.0001) on the atherogenic diet compared with the basal diet. PvllPvl homozygotes had higher total serum cholesterol on the basal diet (/? = 0.004) and the atherogenic diet (p =0.084) compared with Pvl/Pv2 heterozygotes. Pvll Pvl homozygotes also had higher mean HDL-C on both diets, although this difference did not achieve significance in this population. There was no significant effect of LCAT genotype on apo A-I levels on either diet, nor were there significant effects of LCAT genotype on any of the dietary response variables ( Table 1) .
Effects of LCAT Genotypes on Serum Concentrations of Total Cholesterol, High Density Lipoprotein Cholesterol, and Apolipoprotein A-I
Effects of LCAT Genotypes on Cholesterol and Apolipoprotein A-I Distributions Among High Density Lipoprotein Size Classes
Distributions of cholesterol among HDL size classes were assessed using Sudan black B. We detected genotypic effects by averaging absorbance profiles for cholesterol distributions among HDL size classes for each LCAT genotype and then comparing these averaged profiles. Figure 3A presents the average densitometric profiles for PvllPvl and PvllPv2 baboons fed the basal diet. On average, PvllPvl homozygotes (n=62) had relatively more cholesterol in HDLj particles and less in HDL 3 than Pvl/Pv2 heterozygotes (n = 21). Similar trends in HDL size distributions were observed for the animals after feeding the atherogenic diet ( Figure 3B ).
The distributions of apo A-I among size-resolved HDLs were detected by immunological procedures. Figure 4 shows a representative autoradiogram with serum samples from a PvllPvl baboon and a Pvl/Pv2 baboon on each diet. Figure 5A presents the average densitometric profiles for each genotype on the basal diet. PvllPvl homozygotes had average distributions with relatively more apo A-I in HDL! particles and less apo A-I in HDL3 than the Pvl/Pv2 heterozygotes. Similar differences were detected between the two genotypes after consuming the atherogenic diet ( Figure  5B ).
Ratathw Migration
Relathw Migration 
FIGURE 3. Average absorbance profiles of cholesterol distributions among serum high density lipoproteins (HDLs) for baboons with the two common LCAT genotypes while being fed two diets. Sixty-two profiles were averaged for
Effects of L C A T Genotypes on High Density Lipoprotein Size Classes
Using multivariate analyses, we detected significant effects of LCAT genotype on overall cholesterol distributions in HDL size classes for the basal diet (p=0.003) and the atherogenic diet (p=0.006), but not for dietary response. Similarly, there were significant effects of LCAT genotype on overall apo A-I distributions for the basal diet (p = 0.001) and the atherogenic diet (p=0.001) but not for dietary response. There were no significant effects of sex or genotype-by-sex interaction on the distributions of HDL cholesterol, apo A-I, or the dietary response variables. Table 2 shows the percentages of cholesterol and apo A-I in the HDL subclasses for each LCAT genotype on both diets. The primary effect of the Pv2 allele on the basal diet was an increase in HDL; and a decrease in the larger HDL particles. This effect was detected in both apo A-I and cholesterol distributions. Similar differences were detected for both measures on the atherogenic diet. Table 3 shows that LCAT genotype explained significant amounts of variation within the HDL size classes, as marked by the occurrences of apo A-I and cholesterol. As suggested in the average absorbance profiles for cholesterol ( Figure 3 ) and apo A-I ( Figure 5) with differences in HDL,. Simultaneous consideration of distributions across all fractions (total) showed that LCAT genotype accounted for 4-10% of the total variation in cholesterol and 13% of the total variation in apo A-I for the two diets.
Discussion
Variation in LCAT activity is associated with significant differences in serum lipoproteins.
>
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- 49 Previously, we measured LCAT activity in baboons and detected significant effects of diet and sex on molar LCAT activities. Moreover, there were significant differences in molar and percent LCAT activities among the progeny of six sires (/?<0.07). These observations suggested genetic effects on LCAT activities in baboons. 43 Recently, we used a human cDNA probe in Southern blots to identify a polymorphic Pvu II site in the baboon LCAT gene. 15 We have now mapped this polymorphic site within intron 5 of LCAT (Figure 2 ). The purpose of the present study was to determine whether allelic variation was associated with differences in LCAT activity and the serum lipoproteins.
We measured LCAT enzyme activities with synthetic substrate in serum samples from 83 baboons fed the basal diet. LCAT activity measured this way is not affected by substrate availability in the serum itself. LCAT genotype explained 5.7% of the variance in LCAT enzyme activities. Moreover, we found that Pvl homozygotes had significantly lower LCAT enzyme activities than heterozygotes. We were unable to com- pare Pv2 homozygotes because of small sample numbers. However, corroborating the present observations are data obtained from a different group of baboons that included sufficient numbers of Pv2 homozygotes for statistical comparisons. 50 In that study, LCAT enzyme activities were measured using endogenous substrate. 43 There were significant (p=0.01) differences in mean LCAT enzyme activities attributable to LCAT genotype. Relative to Pvl homozygotes, Pv2 homozygotes had higher LCAT activities (45% higher), and heterozygotes had intermediate activities (12% higher). 50 Although effects of common LCAT polymorphisms have not been described for other species, our results indicate a direct effect of the alleles on the enzyme activity. It is generally held that differences in LCAT enzyme activity, as measured with exogenous substrate, are directly related to differences in LCAT enzyme concentrations in serum. 51 However, we cannot exclude the possibility that these LCAT alleles encode proteins that differ in their specific activities. Further studies will be required to distinguish these hypotheses.
Because LCAT is physically associated with HDL particles, 2 -4 we hypothesized that HDL concentrations would be influenced by LCAT genotype. We determined the relations between LCAT genotype and serum levels of cholesterol, HDL-C, and apo A-I in 83 juvenile baboons in two dietary environments: after long-term feeding on a basal diet and after 7 weeks on an atherogenic diet (Table 1) . Although the atherogenic diet caused elevations in total serum cholesterol, HDL-C, and apo A-I, we did not detect significant effects of genotype-by-diet interactions for these measures (i.e., the dietary response variable). Homozygotes for the more common allele (Pvl/Pvl) had significantly higher concentrations of total serum cholesterol than did Pvl/Pv2 heterozygotes on both diets. However, we did not detect significant effects of LCAT genotype on two separate measures of total HDL concentrations (HDL-C and apo A-I) in this group of baboons.
We do not yet know why Pvl/Pvl homozygotes, with lower LCAT activity levels, have significantly more total cholesterol than do heterozygotes. In one study of 1,071
Finns, higher levels of LCAT enzyme activity were associated with higher levels of total cholesterol. 49 In a study of 101 unrelated men, Kessling et al 48 reported a strong positive correlation between LCAT concentrations and levels of total serum cholesterol that accounted for 28% of the variation in the latter measure. LCAT enzyme activities are likely to affect the flux of cholesterol from HDL to LDL pathways via activities of lipid transfer proteins. The reported occurrence of LCAT and lipid transfer protein on the same HDL particles 4 supports this hypothesis. Moreover, transfer protein activity was elevated when LCAT was added in vitro. 52 Although baboons also possess a lipid transfer protein activity, 53 it is possible that different metabolic processes predominate in the two species.
We analyzed HDL size distributions by staining GGE-resolved lipoproteins for apo A-I and cholesterol, two principal components of HDL. On both diets, the mean densitometric profiles were different for the two LCAT genotypes (Figures 3 and 5) . When the distributions were cut into three HDL particle size classes, we detected significant overall effects of LCAT genotype on apo A-I and cholesterol in fractions for both diets (/?<0.01) but not for dietary response. We found that heterozygotes had relatively more cholesterol and apo A-I in HDL3 and less in the larger HDL size classes than did Pvl/Pvl homozygotes (Table 2) . Thus, alterations in HDL composition associated with LCAT genotype are reflected in the distributions of both apo A-I and cholesterol. When individual cholesterol distributions were corrected for cholesterol mass (i.e., after multiplying by HDL-C concentrations), 31 we observed significant effects of LCAT genotype on cholesterol in HDL size classes for basal diet-fed baboons (p=0.012) but not for those fed the atherogenic diet (data not shown). Furthermore, heterozygotes, with higher LCAT activity levels, had significantly more HDL3-C on both diets (p<0.003). These results are consistent with studies that reported significant positive correlations of LCAT activity with HDL3-C but weaker associations with HDL 2 -C in human populations. 13 -48 A significant proportion of overall variation in cholesterol and apo A-I distributions was due to the LCAT polymorphism ( Table 3 ). The proportion of total variance explained by LCAT genotype ranged from 4% to 13% on the basal and atherogenic diets. These values are similar to the proportion of variation in total cholesterol concentrations explained by apo E polymorphisms in human populations (8.7%) 54 and for LDL-C concentrations explained by the LDLR polymorphism in baboons (6.7%). 55 This study represents the first report in any species of the effects of LCAT polymorphism on LCAT enzyme activity and lipoprotein measures. Because the Pvu II polymorphism is located in an intron, it is not likely to be directly responsible for genotypic effects but may mark a nearby substitution that alters LCAT expression or function. We will compare structure, expression, and activities of LCAT enzymes with LCAT genotypes in future studies. Although polymorphisms are not yet known for human LCAT, similar allelic differences may underlie HDL variation and affect cholesterol metabolism and the risk of cardiovascular disease in human populations. D L Rainwater, J Blangero, J E Hixson, S Birnbaum, G E Mott and J L VandeBerg
